Since Drury and Szent-Gyorgyi (1) first investigated the actions of adenosine and adenine nucleotides on the cardiovascular system, considerable interest has been focused on the mode of actions of these substances in the peripheral circulation. It has been reported that intra-arterial injection of these substances causes vasodilatation on the femoral vascular bed of the cat (2) and dog (3-6).
Recently, however, it was reported that either adenosine or inosine given into the femoral artery of the rat caused a prominent vasoconstriction which was associated with a tryptaminergic mechanism (7-8).
Adenine nucleotides are hydrolysed in blood and tissues and converted rapidly to adenosine and/or inosine (9-11). It was of interest, therefore, to examine whether adenine nucleotides and inosine monophosphate also induce a constriction of the femoral vasculature of the rat through a tryptaminergic mechanism.
The present study, using isolated and cross-circulated hindlimb preparation of the rat, provides pharmacological evidence that adenine and hypoxanthine series release 5-hydroxy tryptamine from the peripheral stores, resulting in a vasoconstriction of the femoral artery.
MATERIALS AND METHODS
Male Sprague-Daw Icy rats were allowed free access to food and water overnight prior to experiments.
Surgical procedures
Donor rats (550-750 g) were anaesthetized initially with pentobarbital sodium (65 mg/ kg i.p.), and anaesthesia was maintained hourly with sustaining doses of urethane (400 mg/ kg s.c.). The right jugular vein and carotid artery were cannulated with polyethylene cannulae. Heparin sodium (1000 U/kg) was injected into the femoral vein, and the systemic blood pressure was measured from the left femoral artery with a pressure transducer (Nihon Kohden, RP-5). The carotid and jugular cannulae of the donor were connected to the perfusion circuit after the circuit had been filled with about 10 ml of blood freshly drawn from heparinized rats.
Recipient rats (300-350 g), which were anaesthetized with pentobarbital sodium ( FIG. 2. Dose-response relations for vascular effects of ATP, ADP, AMP, IMP, adenosine or inosine. Each substance was injected into the femoral artery in individual preparations. The differences in the initial perfusion pressure (PP) among these preparations were not significant. A) Original tracings. All doses are expressed in moles. B) Dose-response curves for increase in perfusion pressure of the femoral artery to six purines tested. Vertical bars represent means _L S.E. and the number of experiments is given in parentheses.
Initial perfusion pressure, 97.6 x=1.1 mmHg (N-32).
Effects of A TP, ADP, AMP, IMP, adenosine and inosine on the femoral vascular bed Single injections of increasing doses (3 / 10-9-10-s moles) of either ATP, ADP, AMP, IMP or adenosine into the femoral artery produced a prominent vasoconstriction preceded by a temporal vasodilatation (Fig. 2A) . Inosine (3 x 10-9-10-s moles) induced only a vasoconstriction.
The vasoconstrictor responses to these substances were increased in a dose-dependent manner in doses of 3 x 10-9 to 3 x l0-; moles, and reached the maximum at 3 x:10-, moles, and at 10-1, moles the vasoconstrictor responses tended to decrease (Fig.   2B ).
Fro. 3. Response of the femoral vascular bed to repeated administrations (10-6 moles) of either ATP, ADP, AMP, IMP, adenosine (Ads) or inosine ([no). Further explanation is described in the equal for Fig. 2 .
Responses of the femora/ vascular bed to repeated administrations of either A TP, ADP, AMP, IMP, adenosine or inosine
All the purines tested were injected into the femoral artery in an equimolar dose (10-6 moles). The first administration (I) of these substances caused a marked and long-lasting vasoconstriction.
When the responses to the preceding administrations had worn off completely, the same dose (10-6 moles) of these substances was successively injected, respec tively. As shown in Fig. 3A and B, the vasoconstrictor responses to these substances were diminished progressively after repeated administrations, and finally almost disappeared or vasodilator responses were seen.
When the intensity of vasoconstrictor responses to the first administrations of these substances was compared, there was statistically no significant difference (Fig. 3B) .
Vasoconstrictor potencies of A TP, A DP, AMP, IMP, adenosine and inosine in the femoral vascular bed Fig. 3A) . B) Summarized data. Open columns: untreated; hatched columns: treated with reserpine. The results of IMP (N-2) are not shown. N.S., not significant. Other details as in Fig. 2. As shown in Fig. 2B , all the purines tested produced dose-dependent vasoconstrictor responses within the dose range of 3 ; 10-9-3 /: 10 moles, but at 10-6 moles the dose response curves fell. Thus, it was reasonable to consider that these substances consistently caused a 100% maximum constriction of the femoral vasculature at the dose of 3 x 10-7 moles.
The ED50 (the negative logarithm of the molar dose producing a 50% maximum vasoconstriction) was determined by reconstructing dose-vasoconstrictor response curves for each substance in a percentage of the maximum response (Table 1) Fig. 3A and B) , the vasoconstrictor response to the second in jection (II) was diminished to a greater extent than that in untreated preparations ( Fig. 4A and B). The response to tyramine (30 ug) was considerably sustained in reserpinized preparations.
Abolition by methyscr,-isle of the rasoconstriclor response to either ,1TP of IMP As high doses of ATP or IMP which produce overt responses induced a tachyphylaxis, only a single dose of each was administered to a single preparation. In this connection, in untreated preparations (Fig. 5A ) noradrenaline (0.1 rtg), 5-HT (1 pg) and ATP (500 10 moles) or IMP (350 leg; 10 '' moles) were given in that order and responses to these substances served as controls. The effect of methysergide was examined in other pre parations in which noradrenaline and 5-HT were given prior to methysergide, and noradrenaline, 5-HT and ATP or IMP were injected after methysergide in that order. As shown in Fig. 5A , a single injection of methysergide (I pg) into the femoral artery, which completely inhibited the vasoconstrictor response to 5-HT (1 /tg) but not that to noradren aline (0.1 ; ig), had almost no effect on the perfusion pressure. With the same dose of methy sergide, the vasoconstrictor response to either ATP or IMP was almost completely blocked ( Fig. 5A and B) .
DISCUSSION
The present study revealed that when injected into the femoral artery of the rat, adenine nucleotides and IMP as well as adenosine and inosine caused prominent vasoconstrictions and that these responses showed marked tachyphylaxis.
In the same sort of preparations, it has already been suggested that adenosine and inosine induce a vasoconstrictor response probably by releasing 5-HT from the peripheral stores, on the basis of the facts that the response disappeared in both of the reserpine and methysergide-treated preparations (7-8).
ATP is rapidly decomposed to adenosine or inosine via AMP or IMP by dephosphory lation in blood and tissues (9-11). It would be reasonable to suggest, therefore, that all the purines tested act as 5-HT releasers inducing vasoconstriction in the hindlimb of the rat. In fact, the vasoconstrictor responses to ATP and IMP, which were picked up out of six purines tested, were less prominent in reserpinized preparations as compared with that to the same doses of these substances in untreated preparations. Furthermore, the treatment with methysergide definitely blocked the constriction of femoral vasculature induced by ATP or IMP as well as 5-HT without preventing the vasoconstrictor effect of noradrenaline.
These findings indicate that ATP and IMP as well as adenosine and inosine are potent releasers of 5-HT, regardless of the fact that the site from which 5-HT is released remains to be determined.
It should be emphasized that in order to release 5-HT from the peripheral storage site these substances must primarily enter the cell. However, a high phosphate compound such as ATP, unlike adenosine and inosine, does not readily cross cell membranes (12-13).
It seems likely, therefore, that exogenous nucleotides are broken down to adenosine or inosine before taken up, in view of the evidence that nucleosides can readily pass through cell membranes (12, 14) .
The present results did not show a statistically significant difference between the potencies of these substances inducing vasoconstriction. This can be explained on the basis that nucleotides are rapidly degraded to adenosine or inosine in blood and tissues.
From this study and the previous reports (7-8), it was concluded that all the purines tested produced a definite vasoconstriction indirectly by releasing 5-HT from the peripheral stores, and that the intrinsic vasodilator responses to these substances were probably masked by the predorninent vasoconstrictor ones.
